A comparison of four different established models along with parameter estimation was carried out in order to explain the aerobic biodegradation of acetate in an activated sludge system. These models were investigated using experimental OUR data from batch experiments of three different concentration studies. Model calibration reveals that ASM1 model is not suitable to explain the observed experimental OUR during the famine phase implying storage compounds could play an important role during that stage. Besides, the model corresponds to the accumulation concept and is not well fitted for all concentrations studies though it includes the storage phenomena.
Proper understanding of substrate removal mechanisms in activated sludge plants is very essential for modeling purposes. Activated Sludge Model 1 (ASM1) was introduced in 1987 (Henze et al. 1987) which became a benchmark for many researchers. The biomass in ASM1 model was considered to grow solely on the external substrate present and the oxygen consumption after the external substrate depletion was explained with the decay of biomass. Simplification and modification on ASM1 model was made by Gernaey et al. (2002) and Vanrolleghem et al. (2004) to describe the degradation of readily biodegradable substrate like acetate. However, ASM1 model could not explain the "tail" part of oxygen uptake rate (OUR) profile that occurs during biodegradation of readily biodegradable substrates in batch experiments.
When the biomass is subjected to dynamic feast and famine conditions, the internal storage polymers play an important role in substrate removal mechanisms (van Loosdrecht et al. 1997) in activated sludge. This fact was recognized in ASM3 (Gujer et al. 1999 ) which was formulated with the assumption that the readily biodegradable substrate is first stored as internal storage products and the growth occurs on the internal storage products.
However, the respirometric study conducted by Guisasola et al. (2005) revealed that while ASM3 model can describe the tail part of oxygen uptake profile, it results in unrealistic and non-mechanistic model parameters. Krishna & van Loosdrecht (1999) concluded the ASM3 model required prediction of higher levels of internal storage polymers than measured to fit the oxygen consumption during feast and famine phases. Besides, it was experimentally observed that storage and growth occur simultaneously during the feast phase (van Aalst-van Leeuwen et al. 1997; Krishna & van Loosdrecht 1999; Beun et al. 2000) which is opposed to the concept of ASM3 that only storage occurs during the feast phase. As a result, simultaneous storage and growth model was proposed as an extension to ASM3 to interpret the experimental data (Krishna & van Loosdrecht 1999; Beccari et al. 2002; van Loosdrecht & Heijnen 2002) . Sin et al. (2005) has further improved the simultaneous growth and storage model under aerobic conditions using a second-order type kinetic expression to describe the degradation of storage products during famine conditions.
While simultaneous growth and storage model can well describe the experimental profile of both OUR and storage products in the form of poly-b-hydroxybutyrate (PHB), a study conducted by Beccari et al. (2002) revealed that it predicted the growth much higher than estimated from experimentally observed ammonia consumption. So, they proposed a model that assumes a preliminary "internal accumulation" where substrate is transported into the cell and maintained inside as such or slightly metabolized and/or "biosorption" step. Then, the accumulated compound can be used for growth either directly or through previous storage and subsequent use of stored products as described in ASM3. 
METHODS

Batch experiment
Experimental set-up consists of a lab-scale reactor having a capacity of 3.5 L, titrimetric respirometer (Gernaey et al. 2001 ) that was equipped with DO and pH sensors. for 3 days before starting the experiments. Thiourea was also added at the beginning of experimental run to inhibit nitrification (Beccari et al. 2002; Guisasola et al. 2005) .
Acetate with varying concentration of 25, 50 and 75 mg COD/L was used in order to investigate the biodegradation mechanism.
Activated sludge models
Four different activated sludge models herein named Model 1, Model 2, Model 3 and Model 4 were studied for the aerobic biodegradation of acetate where the simulation and parameter estimation were done by using MATLAB 7.1.
Parameter estimation procedure consisted of using nonlinear least-squares optimization to minimize the sum of squared errors (SSE) between the numerical solution for the modeled output and experimentally obtained OUR.
Model 1
Simplified ASM1 model used by Vanrolleghem et al. (2004) is presented in this paper as Model 1 where it was assumed that the biomass growth was linked directly with the external substrate consumption. The process matrix is presented in Table A1 . The model parameters K S , Y H,S , t and combined parameter, m MAX,S X H were estimated by using non-linear estimation technique whereas the biomass concentration, X H was considered constant due to short degradation period of acetate.
Model 2
The suitability of Model 2 was verified in this study which is based on simplified ASM3 model (Gujer et al. 1999; Guisasola et al. 2005) . The basic assumption is that the readily biodegradable compound, acetate is removed only by storage and then growth occurs on internal storage polymer (Refer Table A2 for the process matrix). With reference to parameter estimation, the model parameters
, K S and t were estimated.
Model 3
Simultaneous storage and growth during aerobic biodegradation of carbon source described by Sin et al. (2005) in his model is presented in this paper as Model 3. Under feast condition, the metabolic model approach was employed.
The yield coefficients of storage, direct growth on substrate and growth on internal storage products respectively were linked to each other through metabolism of the substrate.
Besides, the yield coefficients were found correlated with the efficiency of the oxidative phosphorylation (d 
Model 4
In Model 4, Beccari et al. (2002) assumed that the first step of substrate removal is always a sort of internal accumulation.
The accumulation compound then can be used for growth either directly or through previous storage and subsequent use of the stored products. The process matrix is presented in Table A4 . With regard to parameter estimation, the 
RESULTS AND DISCUSSIONS OUR profile
A series of batch experiments were conducted for OUR profile study using acetate pulses with three different concentrations(75 mg COD/L,50 mg COD/Land25 mg COD/L). Acetate is consumed during the feast period, as a result the OUR increases to a maximum level and remains same until acetate is completely removed for aerobic growth which is described in ASM1 model (Henze et al. 1987; Gernaey et al. 2002; Vanrolleghem et al. 2004) , or for the storage followed by growth that refers to ASM3 model (Gujer et al. 1999; Carucci et al. 2001; Guisasola et al. 2005) , or for simultaneous storage and growth (Krishna & van Loosdrecht 1999; Beccari et al. 2002; van Loosdrecht & Heijnen 2002; Sin et al. 2005) or even through accumulation or sorption phenomena (Majone et al. 1999; Dionisi et al. 2001; Beccari et al. 2002) . The OUR during the famine phase drops from the maximum level to a level higher than the endogenous OUR level and gradually reaches to the endogenous level (Figure 1a and b) which is assumed due to the consumption of previously stored products (van Loosdrecht et al. 1997 ).
Parameter estimation results
Four different models are compared to get a quantitative description of the experimental behavior on the basis of OUR profile study.
The parameters related to Model 1 for all three concentrations study is presented in Table A5 (Table A6) 
Model comparison
The parameter values related to four different models are presented in Tables A5-A8 including The comparison for the simulated ammonia profiles is presented in Figure 3 where the ammonia consumption rate was faster for Model 4 followed by Models 3 and 2 whereas, the study conducted by Beccari et al. (2002) showed the ammonia consumption rate for Model 4 higher than Model 2 but lower than the Model 3. They concluded that Model 4 (accumulation followed by simultaneous storage and growth mechanism) was the best as it describes 
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